Abstract. The papers in this special issue, 'Using Invertebrate Bioindicators to Assess Agricultural Sustainability in Australia: Proposals and Current Practices', highlight the diversity of invertebrates in agricultural environments and associated environments, and the varied roles they play in agricultural production. The papers demonstrate the various ways that the constitution of the invertebrate fauna can change rapidly in response to environmental inputs such as chemicals and landscape management. Given these factors, invertebrates show enormous potential to be used as indicators of sustainability in agriculture. However, this potential remains to be realised.
The invertebrate fauna of Australia comprises some 300 000 known species, of which insects constitute around 100 000 species (Waterhouse et al. 1991) , with almost a third of the insects being Coleoptera (Lawrence and Britton 1991) . Invertebrate biodiversity is much higher than plant biodiversity as there are only ~20 000 species of plants in Australia. The biomass of soil macroinvertebrates like earthworms, termites and ants can exceed the combined biomass of humans and livestock (Pimentel 2002) . The high abundance and diversity of invertebrate fauna living across many different types of environments means that invertebrates are likely to include many sensitive indicators of land use and condition (Paoletti 1999; Lee et al. 2000) . Invertebrates are particularly suitable as indicators of agroecosystems, the part of the land intensively occupied by agricultural activities. Studies by Lee and colleagues (Lee and Wood 1971; Lee 1985) on termites and earthworms show that soil formation in Australia is closely related to soil life. Invertebrates perform many other important roles in agroecosystems, by acting as detritivores, predators and parasitoids, and pollinators. Invertebrates also have the potential to act as unwanted pests, but this is counteracted by their many beneficial effects on environments and crops.
There are possibly 800 or 900 native Australian edible plant species (Brand Miller et al. 1997; Zola and Gott 1992) and a similar number of vertebrates and invertebrates have been utilised by humans (Roberts et al. 2001; Yen 2005) . European colonisers were uncomfortable when confronted by the very diverse local plants and animals, and in the first years they starved (Kirk 1986; Brand Miller et al. 1997) . Colonisers deliberately or inadvertently brought familiar seeds, plants and animals from their countries of origin. Many of these have become agricultural and environmental pests. With the exception of Macadamia, non-native crops are cultivated in Australia. The main Australian livestock and crops are, therefore, alien to the Australian fauna and flora.
Invertebrates have often arrived accidentally into Australia, but they have also been imported for a variety of reasons. Recent introductions of invertebrates have focussed on their beneficial effects on agroecosystems. Examples include the introduction of many insects to control noxious weeds, including the classic example of the moth Cactoblastis cactorum for controlling prickly pear, and the introduction of 45 species of dung beetles from a range of different countries to improve degradation and soil incorporation of cow dung (Tyndale-Biscoe 1990). There is the potential to bring in additional species to control pest invertebrates and weeds, and there are ongoing programs designed to identify target beneficials overseas. There is also the potential for introduction programs aimed at organisms such as exotic earthworms to improve soil conditioning. However, this could only occur after accurate investigation on the numerous native species had taken place (Blakemore and Paoletti 2007) .
When rural areas are populated by dominant exotic invertebrate species, the exotics can sometimes undermine native organisms. In the landscape, there is an exchange of species among remnant forests, relatively undisturbed vegetation and shelterbelts, as well as with the more disturbed managed environments of our farms and cities. Managed environments are often predominated by exotics, such as the preponderance of exotic earthworms in cultivated and pasture soils (Baker 1999) . Nevertheless, there is often a diverse and underappreciated native invertebrate fauna that can be effective in pest control and soil conditioning. Native species can be underappreciated because knowledge about their role can be minimal. For instance, native mesostigmatic mites, whose role could be focal in biological control, are remarkably poorly known in Australia (Halliday et al. 1998) . Matt Colloff and Ger Fokstuen at CSIRO in South Australia have shown that in citrus orchards with abundant soil mesotigmatic mites (17 generalist predatory mite species), there is effective control of the common citrus pest, thrip (Pezothrips kellyanus). This group of predatory mites also has the potential to control the blue and red-legged mite complex (Umina et al. 2004 ) and other pests as discussed by Beaulieu and Weeks (2007) . For the first time in Australia, we recently found an efficient predator of mites Oligota pusillima (Grav.), in Victorian vineyards and their nearby forests.
Because crop fields and grazing pastures are not impermeable systems, (but exchange pathogens and an incredible amount of small invertebrates with associated environments such as shelterbelts and remnant vegetation areas), invertebrates need to be considered in a landscape context. One accredited strategy to mitigate the effects of pest and pathogens, which is defined as integrated pest management, incorporates ecological engineering. This includes proper management of tillage, rotation, crop resistance, intercrops, margin vegetation and trap crops. It also includes the reconstruction of refuges on field margins and in the rural landscape such as shelterbelts, hedgerows, beetlebanks, and buffer zones, which can improve agroecosystem resilience towards pests (Gurr et al. 2004; Thomson et al. 2007 ). When diversity is low, there is an increased cost of controlling pests not only in economic terms based on chemicals and labour but also in environmental terms (Pimentel 2002) . The diversity of organisms in the soil and above the soil has direct and indirect functions that have to be considered carefully. Diversity of invertebrates does not mean reduced yields or production loss, but in the majority of cases diversity reduces the impacts of pests and in some cases, the impacts of pathogens. It has been observed that an accumulation of undecomposed litter provides fuel to uncontrolled fire in Australian forests, and this bottleneck has been indicated to be caused by the limited abundance and efficiency of detritivores that miss their important function . More emphasis has to be placed on the analysis of the detritivore composition and its effect in different environments. The new techniques of stubble retention (i.e. minimum tillage and no tillage) needs better understanding.
Fire is an important component of much of the Australian landscape and is still used as an environmental management tool by Aboriginal people for a variety of reasons. For a long time, fire has been the tool to force sprouting of edible successional plants and to provide some hunting of both small and large animals. Following a fire near Alice Springs, Latz (1995) estimated that a population of a semi-domesticated Australian native species, the edible Solanum centrale, produced 20 kg of the edible fruit in the first season after burning. Three years later, the yield had dropped to 260 g and five years later, no fruit had been produced because most of the plants were dead. In north-east Arnhem Land, the indigenous Yolngu have a complex, refined and sound firing regime that reduces fire hazards as the dry season progresses. Immediately following the Wet season and as soon as an area is dry enough to sustain a fire, Yolngu will burn it (in consultation with kin and owners of that tract of clan land). This practice ensures a mosaic of burnt areas throughout unburnt ground, thus maintaining the diversity of the species by providing vegetation in differing stages of recovery (P. Lister, pers. comm.). Fire burns not only standing dry vegetation but it also burns the organic material on the topsoil and litter. If they are fast moving, invertebrate predators (chilopods, spiders and in many cases, ground beetles and ants) can enter the soil and escape into crevices, logs, woody debris or under stones. However, detritivores such as isopods, millipedes and most surface living earthworms react badly to fire and recover slowly (Netuzhilin et al. 1999; Neville 2000) . Among the detritivores that colonise forest, pasture and litter in Australia, there are alien species such as the millipede Ommatoiulus moreleti and the slaters Porcellio scaber and P. laevis (at least in Victoria). These colonisers arrived from Europe and the first one is only abundant in Portugal and is possibly well adapted to burning. Human colonisation in Europe is far more ancient than it is in Australia and burning has been used extensively in environmental management, especially in the Mediterranean region (Naveth, 1990; Bailey 1997; Paoletti et al. 2007 ). In a system whereby burning is properly managed to avoid major extended burnings, such as with the practice of mosaic burning, diversity of vegetation patterns is maintained and it is possible the biodiversity of invertebrates will remain high. However, burning per se reduces carbon biomass and affects the fauna (King and Hutchinson 2007) .
In addition to promoting invertebrate diversity through landscape changes, fire management, and through a reduction in chemical inputs, diversity can also be directly promoted by changes in plant characteristics and breeding. For instance, domatia in leaves can affect predators and fungivorous mites, benefiting plants (O'Dowd 1989) and could be another way of managing the plant environment by selecting cultivars with domatia that can support beneficial mite communities. Features such as domatia need to be taken into account when providing vegetation in field margins, hedgerows and shelterbelts when redesigning the rural landscape.
While invertebrates are clearly important for maintaining the health of agricultural and other landscapes, there is by no means consensus as to their use as bioindicators of sustainable agriculture. Which components of abundance, species diversity, and taxon presence relate to a healthy and sustainable wheat field, vineyard or citrus orchard? What are the economic impacts of a high level of diversity? Which methodologies over time are more suitable to measure advantages of invertebrate diversity? Are predators, parasitoids or just detritivores better suited as sustainable agriculture indicators? Can a biologically diverse rural landscape be related to crop production and are productivity and sustainability linked? One methodological issue concerns the level of invertebrate identification. Sorting by orders, represents the simplest approach, but lower level sorting to families, genera or species may be required to differentiate between environments (Cranston and Trueman 1997; York 2003; Neville and Yen 2007) . For instance, when sorted to order, there was little difference between grazed and non-grazed dry eucalypt forests in NSW (York and Tarnawski 2004 ). In contrast, lower level sorting of groups such as ants was successful in differentiating between burnt and unburnt sites (York 2000) . The time and expertise required for lower level sorting can to some extent be obviated by rapid methods for determining taxa. Neville and Yen (2007) discuss the need for standardisation to ensure that methods produce comparable results between studies.
Another issue relates to the nature of the invertebrate groups that are evaluated: should assessments focus on one group in detail or several groups in less detail? Monitoring invertebrate combinations in soils can suggest better management approaches to increase abundance and diversity (King and Pankhurst 1996; Paoletti 1999; André et al. 2001; Doran 2002) . Pest control organisms (predators or parasitoids) have a direct impact on productivity. Horne (2007) suggests carabids, mostly beneficial in terms of biocontrol of pests in agriculture, could act as potential indicators of sustainable farming. However, New (2007) argues that predatory arthropods may have little value as bioindicators in agricultural systems. However, groups such as Carabids (and probably spiders) have minor amounts of introduced species in disturbed environments and in other places in Australia. More than detritivores such as isopods or earthworms. Michaels (2007) explores the potential for two of the largest beetle families, staphylinids and tenebrionids, as indicators for sustainable landscape management in Australia. Table 1 summarises current data on Australian v. 'Introduced' species. The data are estimations; however, in most cases, with the exception of nematodes and mesostigmatic mites, which show a trend in more introduced species among the detritivores. Thomson et al. (2007) focus on broadly based groups of beneficials involved in biocontrol, while King and Hutchinson (2007) consider broadly based groups involved in sustainable pasture and grazing land. Finally, detritivores constitute a large component of the invertebrate biomass in most environments and provide a key role in organic materials turnover. They also provide alternative food for the phytophagous predators that can be active in pest control on crops. Because of their importance, detritivores have been selected as indicators of landscape stress and soil degradation, both as a functional group using a diverse range (the slaters, millipedes and oribatid mites discussed in Paoletti et al. (2007) and single taxa such as Collembola (Greenslade 2007) , earthworms (Blakemore and Paoletti 2007) and mesostigmatic mites (Beaulieu and Weeks 2007) .
The papers in this volume highlight the diversity of invertebrates in agricultural environments and associated environments, and the varied roles they play in agricultural production. The papers demonstrate the various ways that the constitution of the invertebrate fauna can change rapidly in response to environmental inputs such as chemicals and landscape management. Given these factors, invertebrates have enormous potential to be used as indicators of sustainability in agriculture, but this potential remains to be realised. There are gaps in our knowledge about many important invertebrate groups, particularly in the area of the economic impact of indigenous taxa that can suppress pests and facilitate soil turnover. The incredible diversity of Australia's invertebrate fauna can be harnessed to provide important indicators of landscape sustainability, but an ongoing research effort is required in order to achieve this.
Using invertebrate bioindicators to assess agricultural sustainability (Raven et al. 2002) . C Comprising all Neuroptera; Chrysopidae and Hemerobidae included (New 2007) . D The figures reported are largely orientative and food preferences are quite variable in different groups. E Species numbers are orientative. This family include scavengers and detritivores. F Possibly only 15% of the existing species in Australia. If we include the parasitic mesostigmatics, the number of species is 800 with 50 species introduced. This relatively high percentage might be explained by the following aspects of their ecology: (i) many species disperse by phoresy, hence they have strong dispersal power or potential and (ii) many species are associated with synanthropic habitats (dung, stored products, compost) or with introduced insects (bark beetles).
